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Abstract 

Background: To identify tlie genetic defects and investigate tine possible meclianism of cataract genesis in a 
five-generation family with autosonnal dominant congenital posterior polar cataracts. 

Methods: Clinical data were collected, and the lens phenotypes of the affected members in this family were 
recorded by slit lamp photography. Genomic DNA was isolated from peripheral blood using QIAamp DNA Blood 
Mini Kits. Twenty-three mutational hot spots associated with autosomal dominant congenital posterior polar 
cataracts were screened by PCR-based DNA sequencing. Properties and structural models of wild-type and mutant 
alpha-B (aB)-crystallin (CRYAB) were generated and analyzed using SWISS-MODEL 

Results: All affected individuals in this family started to exhibit poor vision at the age of 8-10 years. The lens 
opacity consisted of a single, well-defined plaque, 0.5-3 mm in diameter, which was confined to the posterior pole 
of the lens. DNA sequencing analysis of the affected members showed a novel, heterozygous missense mutation 
C.59C > G (P20R) in exon 1 of the CRYAB gene. This mutation was not found in 10 unaffected family members, or 
in 200 unaffected and unrelated individuals, thereby excluding the possibility that it is a rare polymorphism. Data 
generated using the ProtScale and PyMOL programs revealed that the mutation altered the stability and solubility 
of the aB-crystallin protein. 

Conclusions: This study reported a novel C.59C > G (P20R) missense mutation in CRYAB in a five-generation Chinese 
family with posterior polar cataract. 

Keywords: Congenital posterior polar cataract, Alpha-B crystallin gene, P20R mutation 



Background 

Hereditary congenital cataract [OMIM 604307] is an 
opacification of the lens of the eye, which causes visual 
impairment or even blindness during infancy or early 
childhood. Cataracts can be clinically classified into many 
different types, such as posterior polar, anterior polar, and 
lamellar. Around one-third of congenital cataracts can 
be inherited in an autosomal dominant, autosomal reces- 
sive, or X-linked manner, although autosomal dominant 
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inheritance of congenital cataracts predominates. Thus 
far, congenital cataracts have been associated with the 
following genes: 10 crystallin genes {CRYAA, CRYAB, 
CRYBBh CRYBB2, CRYBA1/A3, CRYGA, CRYGB, 
CRYGC, CRYGD, CRYGS) [1-4], 3 membrane protein 
genes {GJA3, GJA8 and MIP) [5-7], beaded filament 
structural protein-2 {BFSP2) [8], a ferritin light chain 
gene {TFL) [9], transcription regulatory factors genes 
{MAF, PITX3, HSF4, PAX6) [10-12], connexin 46 {Cx46) 
[13], aspartate-47 of the ConnexinSO gene {CxS0D47) 
[14], a receptor tyrosine kinase gene {EPHA2) [15], and 
the Wolfram gene {WFSl) [16]. 

The water-soluble crystallins are the most abundant pro- 
teins in the lens and have a critical role in maintaining lens 
transparency. They are mainly composed of two related 
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proteins, aA- and aB-crystallins, encoded by the CRYAA 
and CRYAB genes, which are present in a 3:1 ratio. Both 
proteins belong to the small heat shock protein (sHSP) 
family and function as molecular chaperones to prevent the 
stress-induced aggregation of other proteins [17]. oA- and 
aB-crystallins form hetero-oligomers that bind and seques- 
ter damaged proteins, preventing the formation of particu- 
lates that scatter light [18]. CRYAA is mainly expressed at a 
high level in the lens, while CRYAB is widely expressed in a 
variety of tissues and is associated with neurologic, cardiac, 
and muscular disorders [18]. The CRYAB gene comprises 
three exons and encodes a small, 175 amino acid protein 
belonging to the sHSP family [19], which acts as a mole- 
cular chaperone, preventing the aggregation of denatured 
proteins after the exposure to stresses, such as heat shock, 
radiation, oxidative stress and anticancer drugs [20]. Besides 
being found in the lens, aB-crystallin is distributed in other 
tissues and organs, including the brain, heart, stomach, 
lung, kidney, muscle, and retina. Mutations in the CRYAB 
gene cause distinct clinical phenotypes, including isolated 
cataract, myofibrillar myopathy, cardiomyopathy, or a 
multi-systemic disorder combining these features [18]. 

In the present study, we first investigated a five- 
generation Chinese family with autosomal dominant, iso- 
lated, congenital, posterior polar cataract and identified a 
novel missense mutation in exon 1 of CRYAB that leads to 
an exchange of proline for arginine at codon 20 (P20R). 

Methods 

Participant and clinical data 

A five-generation Chinese cataract family was enrolled 
at Nanjing General Hospital of the Nanjing Military Re- 
gion Ophthalmic Center. Sixteen living family members 
(Figure 1), including 6 affected and 10 unaffected subjects, 
underwent full ophthalmic examinations, including visual 
acuity, slit-lamp microscopy, fundus examination, intra- 
ocular pressure, and B-ultrasonic scanning. Addition- 
ally, they underwent a systematic medical assessment, 
which included serum creatine kinase level, electrocar- 
diography (ECG), echocardiography, muscular tension, 
and muscular reflexes of the proximal and distal mus- 
cles of the lower and upper limbs. Two hundred unre- 
lated and unaffected individuals were collected to be 
normal controls in the study. 

All procedures used in the study confirmed to the te- 
nets of the Declaration of Helsinki. The Ethics Commit- 
tee of Jinling Hospital approved all study protocols. All 
participants had knowledge of their participation in the 
study. Written informed consent was obtained from all 
participants. 

Mutation screening 

Genomic DNA was extracted from the peripheral blood 
of the patients using QIAamp DNA Blood Kits (Qiagen, 



German). Mutation screening was performed using a 
candidate gene approach. Known candidate genes for 
hereditary cataracts, such as CRYAA, CRYAB, CRYBAl/ 
3, CRYBBh CRYBB2, CRYGA-D, CRYGS, GJA3, GJA8, 
MIP, HSF4, BFSP2, FTL, MAF, PITX3, PAX6, Cx46, 
Cx50D47, EPHA2 and WFSl were analyzed by polymer- 
ase chain reaction (PCR) amplification, followed by dir- 
ect DNA sequencing. The specific primer pairs are given 
in Additional file 1. The sequencing results were ana- 
lyzed using Chromas (version 2.3) and compared with 
reference sequences in the National Center for Biotech- 
nology Information (NCBI) database. 

Bioinformatics analysis of protein structures and 
properties 

Biophysical predictions of the altered aB-crystallin 
protein were analyzed using bioinformatics tools. In 
particular, we used ProtScale (provided by the Swiss 
Institute of Bioinformatics, Geneva, Switzerland) to 
examine hydrophilicity. The resulting protein database 
files were visualized using Swiss-PDB Viewer (version 
4.01, provided by the Swiss Institute of Bioinformatics, 
Geneva, Switzerland). 

Alignment analysis 

ClustalW (version 1.83) was used to compare the se- 
quence of CRYAB {Homo sapiens, NP_001276736.1) with 
orthologs oiRattus norvegicus (NP_037067.1), Danio rerio 
(NP_571232.1), Ovis aries (NP_001012475.1), Sus scrofa 
(XP_005667376.1), and Pongo abelii (NP_001125917.1). 

Results 

Clinical findings 

The cataracts in this family were inherited in an auto- 
somal dominant manner and appeared to be of the con- 
genital, posterior polar type. All affected individuals 
started to have poor vision at the age of 8-10 years. 
Lens opacity, which was bilateral in all cases, consisted 
of a single, well-defined plaque, 0.5-3 mm in diameter, 
which was confined to the posterior pole of the lens 
(Figure 2). Clinical investigation including visual acuity, 
age of onset in each affected subjects were described in 
Table 1. No other systemic findings in the cardiovascu- 
lar and muscular systems were identified in any of the 
affected members. 

Sequence analysis 

Multiple genes that could potentially cause congenital 
cataracts were screened by PCR-based DNA sequencing. 
No mutation was found in any gene, except for CRYAB, 
Sequencing analysis revealed that the CRYAB gene seg- 
ment carried a novel C > G heterozygous mutation at 
nucleotide 59 in exon 1 of the gene in all six affected 
family members. This mutation was not found in the 10 
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Figure 1 The Chinese pedigree with congenital posterior polar cataract. The transmission pattern suggests the cataract is inherited in an 
autosomal dominant manner. Square symbols: males; round symbols: females; shaded symbols: ophthalmologist-confirmed posterior polar 
cataract; question mark (12 member in the family): a poor vision which was suspected to have a cataract, but could not be diagnosed clearly, 
arrow: proband. 



unaffected members or in the 200 unaffected and unre- 
lated normal controls (Figure 3). The C.59C > G (P20R) 
mutation in CRYAB was not listed in the NCBI SNP 
database (dbSNP), Exome Variant Server or Human 
Gene Mutation Database (HGMD), which excludes the 
possibility that it is a rare polymorphism. At the protein 
level, it led to an amino acid change from proline to ar- 
ginine at amino acid 20 (P20R). This indicated that the 
missense mutation (c.59C > G) was the cause of poster- 
ior polar cataract in this pedigree. In addition, the Pro20 
residue is highly conserved across species, as shown in 
Figure 4. 

Bioinformatics analysis 

To better understand the effects of the mutation on the 
biochemical properties and structure of the aB-crystallin 
protein, the hydrophilicity of the corresponding region 
was predicted using the program ProtScale, which indi- 
cated that the mutant aB-crystallin showed lower hydro- 
philicity in the mutated region compared with the wild- 
type protein (Figure 5). Consistent with the change of 
hydrophilicity, the isoelectric point (pi) of the aB- 
crystallin protein also changed, from pH 6.90 in the 
wild-type protein to pH 8.56 in the mutant protein. 



Discussion 

Posterior polar cataract is a significant opacity that is 
distributed at the back of the lens. Because of its prox- 
imity to the optical center of the eye, it can have a great 
effect on visual acuity [21]. Here, we reported a novel 
C.59C > G (P20R) missense mutation in the CRYAB gene 
in a five-generation Chinese family with posterior polar 
cataract. The alpha-B crystallin protein encoded by 
CRYAB is composed of three domains: an NH2- 
terminal tail, the aB crystallin domain (ACD), and a 
COOH-terminal extension. The NH2-terminal domain 
is encoded by the first exon, which controls the 
chaperone function of the protein [22]. The P20R mu- 
tation is located in the NH2-terminal domain, and the 
Pro20 residue is highly conserved across species, which 
suggests that it plays a key role in the structure and 
function of the protein. 

Since the first description of a CRYAB mutation 
(R120G) leading to associated disease in 1998 [14], 
only a few additional mutations have been reported. 
These mutations cause markedly different clinical fea- 
tures, such as isolated cataract, myofibrillar myopathy, 
cardiomyopathy, or a multi-systemic disorder combi- 
ning these phenotypes [13]. 
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Figure 2 The part of slit-lamp photograph of the dilated eye of 
the affected family member (1111, 1114, IV2 and IV5). The opacity 
consisted of a single well-defined plaque, 0.5-3 mm in diameter, 
which was confined to the posterior pole of the lens. The slit lamp 
pictures of 113 and 114 could not be got because of surgery in the 
other hospital. The picture of Oculus Dexter in IV2 had a bad quality 
that could not be offered. 
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Figure 3 Sequence analysis of exon 1 of the CRYAB gene. All six 

affected members carried a novel C-G heterozygous mutation at 
nucleotide 59 in exon 1 of the CRYAB gene, which led to an 
exchange of proline for arginine at codon 20 (P20R); this mutation 
was not found in 10 unaffected family members. 



Thus far, eight mutations in the CRYAB gene asso- 
ciated with isolated cataract have been described, in- 
cluding this study. All eight CRYAB mutations and the 
corresponding clinical features are summarized in 
Table 2 [3,18,20,21,23-25]. Most reported CRYAB mu- 
tations (7/8) were dominant, although Safieh et al. re- 
ported that an autosomal recessive mutation, R56W, 
resulted in cataract [23]. Four out of the eight isolated 
cataract-causing mutations are located in exon 1. It is 
noted that two mutations occur at an evolutionarily 
conserved residue, Pro20, indicating a potential hot- 
spot involved in cataract. It seems that mutations out- 
side the a-crystallin domain result in isolated cataract. 
In 2006, Liu et al. stated that a family with isolated 



Table 1 Clinical data in each affected subjects 



Number 


Onset Age 


Op. Age 


Preop. BCVA 


Postop. BCVA 


OD 


OS 


OD 


OS 


113 


No available 


16 


No available 


No available 


20/50 


20/40 


114 


No available 


17 


No available 


No available 


20/40 


20/30 


1111 


12 


20 


20/200 


20/100 


20/40 


20/30 


1114 


10 


19 


20/100 


20/125 


20/30 


20/50 


IV2 


9 


11 


20/100 


20/80 


20/25 


20/25 


IV5 


8 


No available 


20/40 


20/50 


No available 


No available 



Op.: operation; BCVA: best corrected visual acuity; OD: Oculus Dexter; OS: Oculus Sinister 



Xia et at. BMC Ophthalmology 2014, 14:108 
http://www.bionnedcentral.conn/1471-2415/14/108 



Page 5 of 7 




posterior polar cataract carried a P20S mutation [3]. 
As aB-crystallin interacts with aA-crystallin, a mutant 
aB-crystallin with the P20S mutation may act in a 
dominant negative manner, thereby interfering with 
the function of aA-crystalUn and leading to the for- 
mation of cataracts early in the lives of individuals who 
carry the mutation. Additionally, the mutant aB- 
crystallin no longer possessed the ability to inhibit 
apoptosis of lens epithelial cells, which resulted in the 
development of cataracts. The paper reported by Li 
et al. also confirmed that the cataract causing P20S 
mutation of aB-crystallin impaired the chaperone ac- 
tivity of aA-crystallin and induced apoptosis of human 
lens epithelial cells [22]. In a recent study, it was sug- 
gested that the P20S mutation altered the secondary 
structure of the aB-crystallin protein, as shown by in- 
creasing a-helical and decreasing |3-sheet contents. 



and changed the tertiary structure, which may influ- 
ence protein stability and conformation and induce the 
formation of aggregates [26]. Our results indicated that 
P20R mutation changes the hydrophilicity and isoelec- 
tric point, but not the secondary and tertiary structure, 
of aB-crystallin, potentially lowering the solubility of 
the mutant protein. Therefore, we speculate that the 
P20R mutation lowers the solubility of the mutant aB- 
crystalUn, causing protein self-aggregation and result- 
ing in a more stable heteroaggregate with aA-crystallin. 
Additionally, it may affect the chaperone function of 
a-crystallin, thereby further contributing to the devel- 
opment of cataracts. 

Conclusions 

Here, we reported a novel c.59C > G (P20R) missense mu- 
tation in CRYAB in a five-generation Chinese family with 
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Figure 5 Hydropathy plot of wild-type and mutated aB-crystallin. Obviously, the mutant aB-crystallin showed lower hydrophilicity in the 
mutated region compared with the wild-type protein (indicated by red arrows). 
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Table 2 CRYAB gene mutations associated with isolated congenital cataracts 

No. Inheritance mode Exon Nucleotide change Amino acid change Clinical features Reference 



1 


AD 


1 


C.32 G > A 


2 


AD 


1 


c.58C>T 


3 


AD 


1 


C.59 C > G 


4 


AR 


1 


C.166C>T 


5 


AD 


2 


C.205 C > T 


6 


AD 


3 


C.418 G> A 


7 


AD 


3 


C.450 del A 


8 


AD 


3 


C.557 G>A 



AD, Autosomal dominant; AR, Autosomal recessive; N/A, not available. 



posterior polar cataract. Additionally, the P20R mutation 
changed the hydrophilicity and isoelectric point of aB- 
crystallin to lower the solubility of the mutant protein. 

Additional file 



Additional file 1: Table Primers for mutational analysis of 
congenital cataract. 
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